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ABSTRACT 
Separation  of particulate  matter  in rabbit muscle  extracts  by differential centrifugation 
leads, in first approximation, to the isolation of fraction I  (15,000 to 41,000 g) and fraction 
II  (41,000  to  150,000 g).  The  former  consists  mainly of sarcotubular material,  actively 
transporting calcium ions, and displaying relaxation factor  activity.  The latter is hetero- 
geneous,  shows  little  calcium  accumulation,  and  contains  factors  both  inhibiting and 
activating myofibrillar ATPase.  Fraction I  is resolved  by density gradient centrifugation 
into 2 main subfractions. The lighter one represents sarcotubular material in the best state 
of preservation, with biochemical activities stable for weeks  in the cold.  The heavier one 
may consist of the same material in a less well preserved form. Upon aging, it develops  an 
activating  activity  toward  myofibrillar ATPase,  when  the  relaxing  effect  has  declined. 
Fraction II is resolved by density gradient centrifugation into  3  or more fractions, with 
some variability. Relaxing activity in terms of inhibition of myofibrillar ATPase predomi- 
nates among the lighter subfractions, increase of ATPase among the heavier. The intrinsic 
ATPase of fraction II is activated by calcium ions, but there is little or no bulk accumulation 
of calcium oxalate.  Nevertheless,  its limited calcium uptake seems to suffice to explain its 
relaxing  activity.  The  particulate material contains mucopolysaccharidc and lipid.  Most 
of the lipid in fraction I is phospholipid; in fraction II this is less than half, if calculated as 
lecithin. The unfractionated material contains an adenylcyclase. There is no acetylcholine 
esterase. 
INTRODUCTION 
The  separation  of  formed  constituents  of  the 
sarcoplasm  by  differential centrifugation has  led 
to  the  recognition  of  several  fractions.  Such 
analyses are of considerable significance in view of 
the  variety  of  biochemical  and  physiological 
activities that might be located in different extra- 
fibrillar components (23)  but,  due  to  the  limited 
resolving power  of differential centrifugation, no 
entirely  defined  separations  have  so  far  been 
described. In this investigation, we have employed 
zone separation in a sucrose density gradient. This 
work has led to the isolation of a vesicular fraction 
of considerable  purity,  actively transporting  Ca- 
ions  in  the  sense  of  Hasselbach  and  Makinose 
(15),  and displaying relaxing factor activity. This 
purified material is stable for weeks.  Besides this, 
other  fractions  were  recognized,  one  of  which 
stimulates myofibrillar ATPase. Others are active 
in  the  relaxing  factor  test  without  displaying 
bulk accumulation of Ca-oxalate, in confirmation 
641 of  preliminary  observations  in  this  laboratory 
(Bahscheffsky, 2). 
During the progress of our work,  there appeared 
publications  by  Hasselbach  and  Makinose  (16) 
and  by Kinoshita, Andoh,  and  Hoffmann-Berling 
(17)  describing  the  first  application  of  density 
gradient  centrifugation  to  these materials.  As far 
as  these  efforts  overlap,  the  results  appear  to  be 
identical,  but  our  work  brings  additional  bio- 
chemical  and  morphological  characterizations.  A 
statement on  the isolation of relaxing particles  by 
zonal  centrifugation  was  made  by  Lorand  (18), 
but no resolution was reported. 
MATERIALS  AND  METHODS 
PREPARATION  OF  STARTING  MATERIAL:  A 
rabbit  is  immobilized  with  Nembutal  and  tubo- 
curarine, and bled from the carotid arteries. The back 
or leg muscles are excised and packed in ice, cleaned 
of fat,  and passed through a  meat-grinder. A  sample 
of ground muscle, 50 gin, is homogenized in  150  ml 
of medium (see below) for 30 seconds in the cold in a 
Waring  blendor  at  top  speed.  The  homogenate  is 
centrifuged  for  20  minutes  at  15,000  g  (Lourdes 
centrifuge,  rotor  9RA,  11,000  RPM) to  remove mito- 
chondrial  fragments  and  larger  materials.  After 
filtration  through  a  pad  of gauze,  the  supernatant 
solution  is  fractionated  following  the  procedure 
given in Table  I. 
The  isolation  medium  has  been  0.3  M sucrose  as 
such, or with 0.02 M Tris buffer pH  7.4; or a  solution 
of  80  zn~t  KCI,  5  mM  K-oxalate,  and  20  m~  Tris 
buffer  of pH  7.4,  or  also  a  similar  solution  of the 
Na-salts. In the  presentations of this paper, no choice 
will  be  made between  these variations,  but we  have 
gradually come to prefer sucrose  media, also in  view 
TABLE  I 
Differential  Centrifugation  of  Muscle  Homogenate 
after  Prior  Removal  of  Larger  Constituents 
Centrifugation  for  90  minutes  in  Spinco 
model L, rotor No. 40 at 25,000 RPM 
(g,~  =  41,000)  at 0-2°C;  about  150 ml 
f- 
Sediment suspended in 
8-ml KCl-oxalate or 
sucrose 
"large  microsomes"  or 
"fraction  I" 
r 
Sediment suspended in 
2.3  ml of medium 
"small microsomes"  or 
"fraction  H" 
A_  ] 
Solution centrifuged for 
60  minutes  in  Spinco 
model  L,  rotor  No.  50 
at  50,000  rpm  (ga,  = 
151,000) 
± 
7 
Solution  discarded 
(Contains soluble re- 
laxation factor) 
TABLE  II 
Sucrose Gradients for Zone  Centrifugation 
System I  System II 
4  ml of 35 per cent  5  ml of 30 per cent 
sucrose  sucrose 
7 ml of 45 per cent  5  ml of 45 per cent 
sucrose  sucrose 
5  ml of 55 per cent  5  ml of 60 per cent 
sucrose  sucrose 
8  m]  of 65 per cent  7  ml of 70 per cent 
sucrose  sucrose 
4  ml of 70 per cent  6  ml of 80 per cent 
sucrose  sucrose 
of  other  experiences  (Uchida,  Mommaerts,  and 
Meretsky, 37). 
SUCROSE  GRADIENT  CENTRIFUGATION:  Gra- 
dients are prepared in Lusteroid centrifuge tubcs, 28 
ml liquid volume, by laycring sucrose solutions of 
varying densities,  often placing the tubes overnight 
in the coldroom. Two  gradient systems havc, in the 
main, bcen used, which are indicated in Table II. 
In  gcncral, 2  ml  of microsomal  suspcnslon, with 
about 50 mg  of protein, are placed on top of the 
gradient column. 
Centrifugation is carried out in the Spinco model 
L  centrifuge at about  2°C  for 2  hours  at 25,000 
RPM in the swing-out rotor SW  25.1. The  positions 
of the  fractions are  established visually, by  their 
turbidities.  Two  procedures have been used for the 
withdrawal  of thc fractions. In the  first, a  3-way 
stainless  steel  stopcock valve is attachcd to a 20-ml 
B-D  Lucr syringe and connectcd to the centrifuge 
tube with a closcly  fitting  rubber stopper. The tube 
is washed externally and dried, and is placed over a 
small beaker hcld in ice.  A  hole is punctured in the 
sidc  of  the tube  just  below the lightest  fraction  to be 
withdrawn  and  this  fraction  extruded  by  applying 
slight air pressure with the syringe.  The hole is then 
sealed  with  Scotch  tape,  a  new  hole  punctured  at 
the  next  desired  level,  etc.  In  the  second  method, 
individual  layers  are  directly  withdrawn  by  means 
of a  syringe fixed at the desired level. 
Toward  the  end  of our  work,  we  have  begun  to 
employ sucrose of "special  enzyme grade"  obtained 
from  Mann  Bioehemicals  Company,  New  York,  for 
the  separations.  In  most  respects,  this  has  caused 
little  change,  but  the  Ca-activation  and  related 
properties  of several  fractions  became  more  clearly 
defined. 
Each  separated  fraction  is  transferred  to  a  small 
glass  homogenizer,  and  dispersed  gently  with  a 
Teflon pestle with stainless steel stalk. The suspensions 
are preserved as such, or the material is collected by 
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water.  The  small  microsomal  fraction,  when  resus- 
pended,  does not again assume its original degree of 
dispersity,  but remains in  the  form of larger  aggre- 
gates  which  settle  at  low  centrifugal  power.  The 
protein  contents  of  the  suspensions are  determined 
with  the biuret  procedure  calibrated  against bovine 
serum  albumin.  Generally,  the  yields  were  highest 
in the preparations made in Na-salt media, lowest in 
sucrose  solutions  (Table  IIIA).  Table  IIIB  gives 
the  distribution  of  materials  over  various  subfrac- 
tions. 
ASSAY  OF  CALCIUM  TRANSPORT  ACTIVITY: 
While  based  upon  the  general  principles  developed 
by  Hasselbaeh  and  Makinose  (15,  16),  this  is  now 
preferably done with the Millipore  filtration  method 
of Martonosi and Ferretos  (22),  as also described by 
Carsten  and  Mommaerts  (5).  The standard incuba- 
tion medium contains 0.1  M KC1, 5 mM histidine, pH 
7.2,  5  mM  MgC12,  5  mM  K-oxalate,  3-4  mM  ATP 
and 0.1  mM CaCI~  containing Ca45; 0.04 to  0,16  nag 
of particulate  protein  material,  in  a  total  volume of 
2  ml per sample,  are  incubated  at  25°C for  various 
lengths of time.  For  the large  microsomal fractions, 
0.45-bt pore  filter discs are used as a  routine,  0.22-~, 
TABLE  III  A 
Yields  of  Particulate  Material  Using  Different 
Extraction  Media  Expressed  as  rag  of Protein  per 
Gram of Rabbit Muscle 
Isolation in 
KC1-  NaCl-  Tris- 
Fraction  oxalate  oxalate  sucrose  Sucrose 
I  and  II  4.8  6.3  --  -- 
"  "  "  4.6  5.1  --  -- 
"  "  "  3.9  --  3.8  -- 
--  --  --  2.2 
"  "  "  --  5.9  --  -- 
"  "  "  --  ~  --  2.9 
"  "  "  --  --  2.7  -- 
"  "  "  3.4  3.4  --  -- 
"  "  "  5.7  6.2  --  -- 
I  --  --  2.3  -- 
II  0.9 
I  --  3.8  --  -- 
II  1.4 
I  --  5.0  --  -- 
II  1.6 
Means for  4.8  5.5  3.2  2.6 
I  and  II 
TABLE  III  B 
Yzelds  of  Particulate  Material  after  Isolation  of 
Various Subfractions,  Expressed as rag per Gmra of 
Rabbit Muscle 
Preparation  in sucrose. 
Total partlcu-  Fraction I  Fraction II 
late matter 
I  &  II  Top  Bottom  Top  Middle  Bottom 
2.65  0.87  0.19  0.12  --  0.05 
2.20  1.19  0.13  0.15  0.03  0.03 
occasionally.  These  are  used  for  the  small  micro- 
somes  as  well.  Tests  with  a  colorimetric  protein 
method  (19)  show  that  no  protein  passes  through 
these; in  the  case  of  the  small  microsomes,  this is 
probably  connected  with  their  aggregation  once 
they have been centrifuged to  a  tight pellet.  Crucial 
experiments  have,  furthermore,  been  checked  by 
separating the particles from the medium by centrif- 
ugation,  at  15,000  g  for  60  minutes  in  the  cold, 
instead of filtration. 
ASSAY  OF  PARTICULATE  AND  OF  MYOFI- 
BRILLAR  ATPASE  AND  ITS  INHIBITION  BY 
''RELAXING  FACTOR.''  The  ATPase  activities 
of the microsomal fractions themselves are measured 
under the same conditions as the calcium uptake.  A 
comparable  amount  of  microsomal  protein,  0.8  to 
1.0 mg in  10 ml of reaction mixture, is used for the 
ATPase in the presence of calcium in the case of the 
fractions  that  are  Ca-activated,  while  2  to  3  mg of 
protein  is  employed  for  the  ATPase  without  Ca. 
Liberated  inorganic  phosphate  is  determined  after 
deproteinization  with  2.5  per  cent  trichloroacetic 
acid.  In  some  experiments,  Ca  uptake  and  ATP 
splitting were  attempted  to  be  measured simultane- 
ously  by  determination  of the  inorganic  phosphate 
in  the  millipore-ftltrates;  these  gave  somewhat 
lower  phosphate  values,  probably  because  some 
phosphate  is  retained  by  the  vesicles  in  which  it 
precipitates  as  calcium  phosphate  besides  oxalate 
(Wallner,  Szalay,  Uchida,  and  Mommaerts,  39). 
Before analysis, the samples are diluted appropriately 
because,  above  a  concentration  of  1.2  raM,  residual 
ATP  interferes  with  the  phosphomolybdate  forma- 
tion in the colorimetric procedure  (Table  IV). 
Myofibrillar  ATPase  is  measured  similarly,  in  a 
medium  of  2  mM  MgCI~,  2  mM  K-oxalate,  2  mM 
ATP,  66  mM  KC1,  and  50  mM  Tris-acetate  buffer 
pH  7.2;  1.6 nag of myofibrillar protein is present in a 
volume of 3.0  ml,  with 0.2  mg  microsomal  protein 
tested  for  relaxing  factor  activity;  the  incubation 
time is 8  minutes at  25°C.  In three mixtures, A,  B, 
and  C,  one  determines  the  ATPase  of  myofibrils, 
myofibrils  with  microsomes,  and  microsomes alone; 
the  percentual  inhibition  is then  expressed in  nega- 
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Inhibition of Phosphomolybdate  Formation  by High 
Concentration of A TP, in Determination  of Inorganic 
Phosphate According  to Fiske and SubbaRow 
Column I gives the quantities of ATP added 
to  a  solution  of  100  mM  KCI,  5  mM  MgCI2, 
5 mM K-oxalate, and 5 m~t histidine, containing 
0.65  /~moles  of inorganic  phosphate  per  5-ml 
sample; column II gives the apparent  analysis 
of Pi. 
ATP  Photometer reading 
0  0.500 
1.0  0.50~ 
1.5  0.490 
2.0  0.295 
2.5  0.100 
tive  numbers,  as  the  proportion  of  the  rates  100 
(B-C)/A  --  100.  Percentual  activation  appears, 
similarly, as positive numbers. 
The  myofibrils  are  prepared  according  to  Perry 
(29)  and treated with desoxycholate  (4). 
RENULTS 
The  presence  of ATPasc  in  the  particulate  frac- 
tion,  here  and  in  the  instances  recorded  later, 
raises  the  following  question,  in  mixtures  con- 
taining both this and a myofibrillar ATPase with a 
total  activity less  than  the  sum  of the  two  com- 
ponent parts: which of the two ATPascs is changed 
by the presence of the other?  In accordance with 
general  usage,  we  have  expressed  our  results  in 
terms of an inhibition of the myofibrillar ATPase 
(of.  Baird  and  Perry,  1).  The  following example 
will  justify  this  choice.  The  fibrillar  enzyme 
activity is of the order of 0.12 #moles per mg per 
minute;  that  of  the  particulate  fraction,  e.g.  top 
fraction I, is about 0.6 #moles per mg per minute 
in the presence of Ca,  and correspondingly less in 
its absence as is more relevant in this assay.  Thus, 
with microsomal  protein  added  to  the  amount of 
2 per cent of the fibrillar protein,  it contributes  3 
to 5 per cent to the ATPase activity of the mixture; 
yet (Table VII),  this dilution causes an inhibition 
of more than 50 per cent, which, therefore, must be 
attributed  to  the  fibrillar part  of the  activity.  In 
the case of fraction II,  10-fold larger amounts  are 
used in this type of assay,  but the ATPase is here 
several times less, so the same argument holds. 
PROPERTIES  OF  THE  *~LARGE  MICRO- 
SOMES'':  Unfractionated  preparations  of  the 
large microsomes  (fraction  I  of Table  I)  have the 
following  characteristics  (see  Table  V,  columns 
headed  "Orig.").  When  fresh,  there is  an  uptake 
of Ca-ions, generally about  1.2 to  1.8 #moles of Ca 
per mg of microsomal protein in 8 minutes; and  a 
relaxing factor activity expressed  as  an  inhibition 
of myofibrillar ATPase  of  the  order  of 60  to  70 
per  cent  under  the  conditions  of the  assay.  Both 
of these activities diminish, more or less in parallel, 
in the course of a  week  (Table V,  Experiments  1 
and  2).  As further  described,  this fraction  has  an 
ATPase  activity  which  is  stimulated  during  the 
uptake of Ca in the presence of oxalate (Hasselbach 
and Makinose,  14,  15). 
DENSITY  GRADIENT  FRACTIONATION  OF 
LARCE  MICl~OSOMES:  In  the  gradient  de- 
scribed as system I  (35 to 70 per cent sucrose),  the 
large  microsomal  fraction  is  separated  into  two 
zones,  as  is  diagrammatically  shown  in  Fig.  1. 
These  will  be  designated  as  the  light  and  the 
heavy  large  microsomes;  they  settle  at  the  levels of 
about  40  and  65  per  cent  sucrose,  respectively. 
Some  of  their  properties  are  listed  in  Table  V 
under  the columns "light" and  "heavy." 
These results are comparable to those of Hassel- 
bach  and  Makinose  (16)  as  far  as  these  authors 
have pursued  the problem;  they describe  3  zones 
observed  after  gradient  centrifugation  of a  com- 
parable  starting  material,  but  the  description 
(their  Table  4)  gives  the  impression  that  the 
middle  fraction  was  present  in  smaller  quantity. 
We  have  also,  sometimes,  observed  one  or  two 
minor  fractions  besides  the  major  zones.  The 
findings  are,  likewise,  comparable  to  those  of 
Kinoshita  et al.  (17),  who described  a  number  of 
fractions  similar  to  what  we  have  observed  in 
unfractionated  material  (not  separately  docu- 
mented),  and  who  find  relaxing  activity  most 
pronounced  in what would correspond  to our top 
fraction I. 
Occasionally,  the  light  fraction  of  the  large 
microsomes has been seen to be resolved into  two 
bands  in  close  proximity;  this  has  not  occurred 
regularly  enough  to  allow  separate  characteriza- 
tion  of  these  subfractions.  The  heavy  fraction 
may show the same separation. 
The protein matter of the fractions is reasonably 
well  accounted  for  in  terms  of  the  subfractions 
obtained.  The  top layer of fraction  I  amounts  to 
more  than  half  of  the  sum  of  the  recovered 
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FIaURE 1  Diagrams of separations achieved by density 
gradient centrifugation. The left scheme represents the 
separation of the large mierosomes,  fraction I,  in gra- 
dient system I  of Table II. There often is an indication 
of a  splitting in either layer, but not enough to have 
allowed a  resolution. The right two schemes  show the 
separation of fraction II in gradient system II. Of these 
two, the extreme right picture is the more representa- 
tive, the bottom layer being often less pronounced than 
indicated; the other represents one of the variants that 
sometimes occur. 
fractions  and  close to half of the initial material; 
the losses are not further identified (Table III B). 
Both fractions of the large microsomes concen- 
trate  calcium  and  cause  relaxation  in  terms  of 
myofibrillar ATPase inhibition.  When  fresh,  they 
are not always different in  that  regard,  although 
usually  the  top  fraction  is  more  active.  The 
relaxing activity, in the standard  assay, may have 
been  in  excess  so  as  to  conceal  differences  (see 
below). 
Characteristic  differences,  however,  appear 
upon  aging at 0°C.  It is seen  (Table V)  that  the 
calcium-concentrating  activity  of  the  heavy 
fraction  diminishes  with  time  during  storage  at 
0°C  as  does  that  of  the  original  material.  By 
contrast,  the  calcium-pumping  activity  of  the 
light fraction is entirely stable for about  3  weeks. 
Its relaxing activity, in terms of ATPase inhibition, 
remains  also  significant for  some  time,  but  may 
then diminish  (Table V, Experiment 2)  and  turn 
after  4  weeks  into  a  weak  stimulation  when  the 
Ca-pump  becomes  inactive.  The  heavy  fraction 
stimulates  the fibrillar ATPase markedly when its 
Ca-uptake has become inactive. 
It  has  been  pointed  out  by  Baird  and  Perry 
(I)  that  the relaxing activity of a  crude  prepara- 
tion  deteriorates  less  upon  brief  aging  when 
tested in the presence of oxalate than in its absence. 
This  stands  to  reason:  with  oxalate  the  calcium 
uptake is more effective (Table VII B), and when 
originally the relaxing activity is in excess it may, 
after  partial  inactivation,  still  appear  maximal 
with  oxalate,  but  already  decreased  without  it; 
in our limited experience, the activity tested in the 
absence  of  oxalate  ages  about  like  that  in  its 
presence when  tested  at sufficient dilution. 
It is difficult to give a  meaningful assessment of 
the  distribution  of  the  calcium-concentrating 
activity over the various fractions,  since, with the 
present methodology,  it can  be  studied  as  a  rate 
process  in  fraction  I,  but  not  in  fraction  II  in 
which it is much  smaller  and  completed  rapidly. 
In terms of the total uptake  after a  standard  time 
(e.g.  8  minutes),  it  is  evident  that  most  of it  is 
recovered in  the top fraction  I,  since  this has  the 
highest  uptake  activity  and  is  quantitatively 
preponderant. 
Both  the  light  and  the  heavy  fractions  of  the 
large microsomes have an  ATPase  activity which 
is stimulated by Ca. The blank ATPases are about 
equal,  while  the  Ca-activated  ATPase  is  greater 
in the heavy fraction but leads to a  lesser calcium 
uptake,  suggesting  that  the  bottom  fraction  also 
concentrates calcium, but does so less efficiently or 
loses  some  by  leakage.  These  results  are  also 
comparable  to those obtained for their fractions  I 
and  III  by  Hasselbach  and  Makinose  (16)  who 
first proposed  that certain vesicles may not retain 
the accumulated calcium. 
With  respect  to  the  inhibitory  activity exerted 
upon  myofibrillar ATPase,  the  data  given so  far 
(Table  V)  applied  to  results  obtained  in  the 
routine  test,  with  10  per  cent  of  microsomal 
proteins  added  to the myofibrillar protein.  In the 
case of the  top  fraction  of the  heavy microsomes 
especially,  this is an  excess.  It is shown  in  Table 
VII  how  the  enzymic  relaxation  effect  depends 
upon  the  concentration  of  the  several  fractions. 
For  the  top  fraction  I,  1  or  2  per  cent  of it  in 
terms of fibrillar protein suffices to give 50 per cent 
inhibition;  the  bottom  fraction  is  more  variable 
in  this regard,  as is its calcium uptake  activity. 
ELECTRON  MICROSCOPY  OF  LARGE 
MICROSOMAL  FRACTIONS:  1  As  shown  in  Fig. 
3,  the light fi'action of the large microsomes con- 
sists  exclusively  of  vesicular  materials,  without 
A  more  complete  investigation  of  this  sul~iect  is 
being undertaken in cooperation with Professor F. S. 
Sj6strand,  Department  of  Zoology,  U.C.L.A.  We 
express our sincere thanks to Professor Ebba Anders- 
son-Cedergren who kindly conducted this preliminary 
survey of our materials. 
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A,  fraction  I,  top;  B,  fraction I,  bottom. 
C to E, fraction II, top,  middle, and bottom. 
granular contamination. Two  types of structures 
are  discernible,  without  obvious  intermediary 
forms: round membranous vesicles of the order of 
magnitude  of  100  in#,  and  contorted  tubular 
fragments.  It  could  not  be  established  whether, 
when occasionally a separation into two layers was 
obtained,  this  corresponded  to  a  separation  of 
these  elements. While it is  tempting to  conclude 
that they represent two morphologically different 
parts of the sarcotubular system, our observations 
so  far  will not,  pending a  current investigation,  1 
be used to propose any specific identification. The 
same  two  types  of  structures  were  also  seen  by 
Ebashi and Lipmann (1 I). 
The  heavy  fraction  of  the  large  microsomes 
contains similar materials,  but suggests  that  the 
vesicles  are  filled  with  some  matter,  so  as  to 
account for their greater isopycnic density (Fig. 4). 
These  results are quite comparable to  those of 
Nagai,  Makinose,  and  Hasselbach  (26)  on  un- 
fractionated  material  comparable  to  our  total 
fraction  I.  Their  photograph  indicates  both 
hollow and filled vesicles. Thus, it is suggested that 
density gradient centrifugation effects a separation 
of empty and filled particles,  and that  the latter, 
while accumulating calcium, are unable to retain 
this  without  leakage,  as  proposed  in  a  previous 
paragraph. 
For  the  electron  microscopic observations,  the 
material was fixed with buffered OsO4, embedded 
in Vestopal, sectioned with L.K.B. Ultratone, and 
examined at 60,000 magnification. 
PROPERTIES  OF  THE  c~SMALL  MICRO- 
SOMES":  Preparations  obtained  by  sedimenta- 
tion between 40,000  and  150,000 g  show,  before 
fractionation, the following properties  (Table VI, 
column marked "Orig.").  They have a  negligible 
calcium-concentrating  activity;  or  if,  in  some 
instances,  this is  somewhat larger,  it is not clear 
whether  it  represents  an  intrinsic  property  or 
whether it is caused by contamination with large 
microsomes.  However,  the  small microsomes still 
display  sizable  inhibition  of  the  myofibrillar 
ATPase,  though less than is shown by fraction I. 
These findings, therefore, confirm the preliminary 
result  by  Baltscheffsky  (2)  who  found  that  a 
similar  fraction  (collected  between  50,000  and 
105,000 g)  had  a  negligible calcium uptake,  yet 
inhibited actomyosin synaeresis measured  by the 
Ebashi  (9)  test;  however,  we  must  refer  to  our 
later discussion on the interpretation. 
DENSITY  GRADIENT  CENTRIFUGATION  OF 
SMALL MICROSOMES:  With  considerable  vari- 
ability, the small particulate material shows,  after 
separation  in  gradient  system  II,  three  or  four 
zones  (1  to 4)  as indicated in Fig.  1,  II.  In view 
K.  SERAYDARIAN ANn  W,  F,  It.  M.  MOM~AERTS  Fractionation  of Sarcotubular  Vesicles  647 FIGURES 3  to  6  Electron  micrographs  of  various  fractions.  Fraction  I,  top;  I,  bottom;  II top;  II 
bottom, respectively. Details in the text.  X  88,000. 
of their lesser activities with respect to  Ca-uptake 
and  relaxing  effects  and  the  smaller  yields,  we 
have often grouped  some of these  together  (Table 
VI),  but  measurements  on  single  layers  are  also 
available (Tables VI, VII). 
The  tendency  is  that  the  uptake  activities  of 
some of the subfractions sometimes exceed those of 
the  starting  material.  Even  so,  they  are  slight, 
often within the limits of error, and to an unknown 
degree  affected  by  admixture  of  constituents  of 
fraction  I.  The  top  fraction  II  has  been  most 
consistently  free  of  demonstrable  bulk  calcium 
accumulation,  and this has also been confirmed by 
ultracentrifugal  isolation.  They  also  differ  with 
respect  to  the  time course of the uptake  which,  if 
demonstrable,  is  usually  maximal  within  the 
shortest  observation  times,  and  which  may  or 
may  not  correspond  to  the  rapid  binding  dis- 
covered by  Ohnishi  and  Ebashi  (28)  rather  than 
to  the  continuous  deposition  of  Ca-oxalate  of 
Hasselbach  and  Makinose  (15).  Individual 
fractions,  like  the  unresolved  material,  have  an 
ATPase,  the Ca-induced stimulation of which has 
been  variable.  When  highly  purified  sucrose  is 
used  in  the  separations,  the  basic  ATPase  of the 
top fraction becomes very low, and  this,  as well as 
that of the other fractions, is then clearly stimulated 
by  Ca  (Fig.  2).  This  stimulation,  however,  is 
permanent  instead  of  phasic  and  not  associated 
with  demonstrable  calcium  uptake;  the  basic 
ATPase  is  not  further  reduced  by  ethylene  gly- 
col  bis(13-aminoethyl-ether)-N,N-tetraacetic  acid 
(EGTA). 
Relaxing  activity,  although  requiring  much 
larger amounts of microsomal material than in the 
case of fraction  I, is clearly demonstrable  (Tables 
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Calcium  Uptake  and Relaxing  Factor Activity of Small Microsomal  Fraction,  and of Some of its Subfractions 
Preparation made in KCI, kept in sucrose. The subfractions are numbered 1 to 4  (from lightest to 
heaviest). Definitions and experimental conditions as in Table V.  Preparations marked* were made 
in Tris  =  EDTA. 
1 day  1 day old 
Orig.  Orig.  1  2  3 
7-8 days old  13-14 days 
4  Orig.  1  2  3  4  1  2 
Ca-uptake  0.05  0.01 
ATPase  --33  --40 
inhibition 
0.01  0.14  0.20 
--23  --60  +78 
0,11  0.02  0.16  0.40  0.04  0.11  0.23  0.08 
--27  --70  --37  --56  +50  --20 
0.21  0.22  0.17 
--60  --32  --33 
0.25 
--39 
0.00  0.18  0.24  0.10 
--48  --51  +62  --34 
0.07  0.16  0.31  0.03 
--10  --81  +114  --80 
0.08  0.29 
--33  +50 
0.29  0.50 
--31  +52 
0.05  0.46 
--22  +56 
*  0.00 
--24 
*  0.02 
--33 
VI  and VII). When fraction IV is present, this is 
found,  notwithstanding  its  calcium-uptake,  to 
enhance  the  myofibrillar  ATPase  (Table  VI); 
this  has  only  been  observed  with  salt-prepared 
particles.  The  relaxing  activity  (not  illustrated) 
has  also  been  detected  with  the  contracted 
glycerol-extracted muscle fiber preparation.  2 
NATURE  OF  THE  RELAXATION  ACTIVITY 
OF  THE  LIGHT  FRACTION  OF  THE  SMALL 
MICROSOMES:  The  finding  by  Baltscheffsky 
(2)  and  ourselves  of a  relaxing  activity  without 
bulk  Ca-uptake  requires special scrutiny,  since it 
could  constitute  evidence  of  relaxation  by  a 
different mechanism,  i.e.,  by  the  formation of a 
relaxing  substance.  In  view of the  fact  that  top 
fraction  I  still  causes  complete inhibition  of the 
myofibrillar ATPase  after  considerable dilution, 
while  top  fraction  II  requires  large  amounts 
2 These experiments were  generously performed by 
Mrs. Marilyn Slater. 
(Table VI),  the alternative explanation could be 
that the minor calcium uptake by the latter might 
suffice.  The  following  experiment  (Table  VIII) 
was performed to test the latter contingency.  3 
Under the ordinary conditions of the  assay for 
the inhibition of myofibrillar ATPase,  we mixed 
myofibrils, microsomes, ATP  and  the  customary 
reagents, and  added  a  trace of Ca  45  to give suffi- 
cient counts. The  total amount of Ca due  to  this 
addition and to uncontrolled impurities, as in the 
relaxation test, was not known, but may have been 
of the order of 10  -8 M. The ratio of microsomes to 
fibrils  was  high,  enough  to  cause  significant 
relaxation by top fraction II; the same excess was 
maintained for top fraction I, in order to illustrate 
the maximal extent of withdrawal of exchangeable 
calcium from the fibrils. After 1  5 minutes incuba- 
tion,  fibrils  and  microsomes were  again  resolved 
3 We  are indebted to  Professor Wilhelm Hasselbach 
who kindly suggested this experiment to us. 
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Relaxing  Activity,  Expressed  as  Percentual  Inhi- 
bition of Myofibrillar ATPase, as a Function of the 
Concentration  of Various Fractions 
Preparation  made  in  sucrose.  Amounts  of 
particulate materials are given as  per cent of 
the myofibrillar protein. 
Same after 
Fraction  Amount  Inhibition  18 days 
I  Top  1.48  67.0  34.0 
2.95  71.0  56.0 
11.80  77.5  81.0 
I  Bottom 
II Top 
II Middle 
I[ Bottom 
5.75  66.5 
11.50  65.8 
23.0  79.0 
34.5  84.2 
4.9  0.72 
9.8  27.2 
19.65  56.0 
29.5  62.0 
9  63.3 
18  68.0 
27  73.0 
7  30.2 
14  51.3 
21  63.0 
by differential centrifugation, and the distribution 
of Ca  45 over the different constituents determined. 
When only fibrils are  incubated  (line  l,  Table 
VIII),  these accumulate  about 33 per cent of the 
counts;  about  3  per  cent appears  in  the  "micro- 
somal" fraction, either because some disintegrated 
fibrils  are  not  sedirnented  or  some  microsomal 
matter is released by them. Line I, thus, illustrates 
the  uptake  capacity  of  the  fibrils  under  these 
circumstances.  In  a  complete  system  with  top 
fraction I  (line 2),  the bulk of the  Ca  appears in 
the  vesicles;  about  i0  per  cent  of  the  count  on 
line  l,  14,650  CPM,  remained  in  the  fibrillar 
fraction; however, nearly the same is found when 
no fibrils are present (line 3), thus the latter figure 
represents  a  small  fraction  of  the  microsomes, 
perhaps  preferentially  those  that  have  become 
aggregated,  which sediment rapidly enough to be 
included with the fibrillar fraction.  If this is sub- 
tracted (line 4), sometimes as little as  1 per cent of 
the original fibrillar calcium  remains,  and  this is 
TABLE  VII  B 
Relaxing  Activity  of  Top  Fraction  I  at  Various 
Dilutions,  Tested  in  the  Presence  and  Absence 
o]  Oxalate 
Amount of microsomal material given as per 
cent  of  the  myofibrillar  protein.  Compare 
Table VII A. 
Inhibition 
Amount  With oxalate  Without oxalate 
0.25  7.3 
0.5  17.1 
0.75  36.2 
1.0  54.7 
2.0  59.5 
3.0  63.2 
5.0  73.8 
10.0 
20.0 
30.0 
20.0 
22.7 
31.3 
69.3 
within the limits of error  (somewhat more micro- 
somes  and supernatant would  be occluded  in the 
fibrillar fraction of line 2  than  the corresponding 
figure of line 3  indicates).  Thus,  it is shown  that 
top  fraction  I,  in  the  excessive  amount,  nearly 
completely  removes  exchangeable  calcium  from 
the fibrils. This requires ATP,  as shown by line 5. 
In the same experiment with top fraction II, the 
outcome is altogether comparable. Again, most of 
the  Ca  4~ is found  in  the microsomal matter.  The 
depletion of the fibrils is less complete (line 6), and 
with  a  comparable  correction  for  microsomes 
sedimenting  in  the  "fibrillar"  fraction  (line  7), 
the  corrected  amount  remaining  in  the  fibrils 
(line  8)  is  now  finite,  although  clearly  reduced, 
enough so to be held responsible for the inhibitory 
effect  under  such  circumstances.  Again  (line  9), 
ATP is needed for these redistributions. 
The  conclusion  is,  then,  that  notwithstanding 
the  small  and  even  doubtful  calcium  uptake  by 
top fraction II under the conditions of the Hassel- 
bach  and  Makinose  experiment,  this  fraction  at 
lower  calcium  concentrations,  such  as  prevailing 
under the conditions used in the ATPase relaxation 
test,  can  very  well  concentrate  these  traces  of 
calcium  and  remove  them  quite  effectively  from 
the myofibrils. 
ELECTRON  MICROSCOPY  OF  SMALL  MI- 
CROSOMAL  MATERIAL:  1  Preparations  of  the 
small  microsomes  show a  variety  of  materials 
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Distribution  of Trace Amounts of Calcium,  as  Ca 45,  Over  the Different  Components  in a  Myofibrillar  A TPase 
Inhibition  Assay 
Composition of system: 2 mM MgC12, 2 mM K-oxalate, 2 mM ATP, 66 mM KCI, 0.5 ml carrier-free 
Ca  45,  and  50 mM  Tris-acetate  buffer pH 7.2,  9.65  mg of myofibrillar protein,  1.12  mg  mierosomal 
protein  I, 2.33  mg microsomal protein  II in a  volume of 10 ml. 
Distribution of Ca4S 
Line  Constituents  "'Fibrils"  Microsomes  Solution  Sum  Total  initial 
cpm  cpm  cpm  cpm  cpm 
1  Fibrils, ATP  126,300  12,130  242,200  380,630  377,400 
2  Complete with I  14,650  327,370  83,000  425,000  449,400 
3  Same, no fibrils  13,100  311,620  113,800  438,520  381,200 
4  Calculated,  fibrils only  1 ~550 
5  As 2,  no ATP  80,050  10,430  309,400  399,880  434,000 
6  Complete with II  40,600  222,500  76,400  339,500  370,600 
7  Same, no fibrils  14,500  272,800  67,000  354,320  359,000 
8  Calculated,  fibrils only  26,100 
9  As 6,  no ATP  67,050  5,820  300,800  373,670  391,200 
which have not yet been completely characterized. 
Typically,  the top fraction  (Fig.  5)  gives a  diffuse 
fine network structure,  in which there are indica- 
tions  of  vesicular  matter  smaller  than  those 
encountered  in  the  large  microsomal  fractions. 
Constituents  ascribable  to  the  latter  occur  to 
various  degrees  as  a  contaminant.  The  bottom 
fraction  (Fig.  6)  is  variable  and  very  hetero- 
geneous;  it contains  structures  reminiscent of the 
large  vesicles,  besides  filamentous  matter  and 
unidentified constituents. Mitochondrial structures 
are absent throughout. 
STOICHIOMETRIC  RELATIONS  BETWEEN 
CALCIUM  TRANSPORT  AND  ATP  SPLITTING: 
In a  number  of instances,  we have compared  the 
ratio of the amount of calcium taken up to that of 
the  extra-ATP  split  during  the  same  interval, 
limited  to  the  initial  rapid  phase.  These  ratios 
have varied from one experiment  to  the next.  In 
a number of instances, between 3 and 4 ions of Ca 
were transported  per additional ATP hydrolyzed. 
In  some other  cases,  however,  the  ratio  was  less, 
but  usually  still  about  2.  This  constitutes  a 
frequent  increase  over  the  yields  previously  re- 
ported  by Hasselbach  and  Makinose  (16)  and  by 
Carsten  and  Mommaerts  (5).  Certain  experi- 
mental variations tested by us did not affect these 
rates.  For  example,  there  was  no  systematic 
improvement  of  the  ratio  by  the  use  of  Na- 
prepared  particles,  nor  of  sucrose  particles 
investigated  in  Na-  as  compared  to  K-media. 
Thus,  we  have  never  found  instances  of  a  Na- 
effect,  as  was  occasionally  observed  by  Carsten 
and  Mommaerts.  Neither was  there  any  obvious 
correlation  between  the  Ca-ATP  ratio  and  the 
somewhat  variable  blank  ATPase  rate  of  the 
particles  without  calcium.  As  stated  before,  the 
heavy  part  of  fraction  I  displays  lower  ratios. 
Still higher uptake ratios, clearly exceeding values 
interpretable as stoichiometric coupling, have been 
reported by Ebashi and Yamanouchi  (7). 
When  the liberated  phosphate  is determined  in 
the  filtrate  obtained  by  separating  the  particles 
on  Millipore filters, it is found  to  be less than  in 
the total system deproteinized with trichloroacetic 
acid, sometimes by as much as 20 per cent. Much 
of  this  phosphate  is  removed  by  washing  the 
particles on the filter with TCA. Thus, we ascribe 
these  observations  to  the  precipitation  of  some 
Ca-phosphate  besides oxalate,  and  notice  that  in 
the  determinations  by  Hasselbach  and  Makinose 
(16)  there  was  sometimes  a  small  discrepancy 
between the accumulated Ca and oxalate; perhaps, 
in some of our cases, the precipitation of phosphate 
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Formation  of C~dic  AMP  in  Microsomal  Fraction,  Unfractionated  I  and  II 
Results are expressed in #moles per mg protein. The incubation mixture contained: 4  X  10  -2 M 
Tris-buffer (pH 7.4);  3.5  >(  10  -n M MgSO4;  2  X  10-3M ATP;  1  >(  10  -~ M NaF; 6.70  X  10  -~ M caffeine 
in a  volume of 2.4 ml. 
Time of incubation (min.) 
Conditions  0  5  10  15 
No caffeine or fluoride  0.00  2.84  X  10  -5  5.10  X  10  _5  4.55  X  10  -5 
"  0.00  0.00  6.00  X  10  -5  6.00  X  10  -5 
Complete system  22.6  >(  10  -5  66.70  X  10  -5  244  )<  10 -5 
"  4.80  X  10  _5  274  X  10 -5 
"  28.8  X  10  -5  255  X  10  -5 
"  48.0  X  10  -~  250  X  10  -5 
"  0.0  8.70  X  10 -5  87.0  X  10  -5 
"  0.0  78.5  X  10  -5  156  X  10  -~ 
"  8.65 
290  X  10  .5 
122  X  10  -5 
169  X  10 -5 
154  X  10  -5 
was  somewhat  more  pronounced  for  unknown 
reasons.  Whether,  besides this,  there  may  be  an 
incorporation of phosphate in a different form will 
be discussed by Wallner et  al.  (39). The phenom- 
enon  becomes  more  pronounced  in  the  later 
course of the reactions as the blank ATPase con- 
tinues  to  produce  phosphate,  and  this  might 
suggest that some of this phosphate replaces some 
oxalate in the interior of the vesicles. 
REACTIONS  RELATED  TO  CYCLIC  ADE- 
NYEIC  ACID:  While  our  previous  proposals 
concerning  the  possible  role  of  cyclic  3t,5  ~- 
adenylate as a  relaxing substance (36)  have been 
withdrawn  (25)  pending  further  reinvestigation, 
it can, nevertheless, be reported that our particu- 
late materials contain biochemical activities with 
regard to this substance. As is shown in Table IX, 
some  fraction  of muscle  causes  the  formation of 
cyclic  adenylate  from  ATP.  The  assays  for  this 
substance  were  performed  according  to  the 
methods  of  the  Sutherland  group  (31,  33,  35). 
These results are in agreement with those of Rall 
and Sutherland (31,  32),  and allow no statements 
as  to  the  morphological allocation  of  the  active 
fraction.  Recent  work  by  Rabinowitz,  Desalles, 
Meisler,  and  Lorand  (30)  has  shown  that  the 
cyclase  activity  is  concentrated in  the  mitochon- 
drial and microsomal fractions exclusively. 
SOME  BIOCHEMICAL  ANALYSES:  Determi- 
nations of hexosamine with  the  method  of Boas 
(3) 4 gave  quantities ranging  from  2.9  X  10  -~  to 
4.7  M  10  -2 mg  per mg protein  in  unfractionated 
large  microsomes  (KCl-oxalate  and  sucrose- 
prepared, respectively). This is a  sizable quantity, 
comparable  to  what  is  found  in  typical  glyco- 
proteins  (e.g.,  Spiro,  34).  It  was  attempted  to 
perform separate assays of sialic acid according to 
Warren  (40).  The observed color was anomalous, 
and  the  results,  while  possibly indicative  of  the 
presence of a  similar compound, are not regarded 
as final. These observations will be followed up. 
Lipid analyses were performed in two ways. On 
the one hand, following the procedure employed 
by  Marinetti  et  al.  (20)  for  mitochondria,  the 
material  was  precipitated  with  trichloroacetic 
acid and then extracted with chloroform-methanol 
(after TCA, during the subsequent washings with 
water,  the  protein  may  tend  to  resolubilize  or 
suspend; this is prevented by the addition of TCA). 
On  the other hand,  this same extraction was also 
applied  to  lyophilized  material  without  TCA 
treatment.  Results obtained with  the first proce- 
dure are given in Table X  A. The muscle extract 
remaining  after  ultracentrifugation  was  also 
deproteinized  with  TCA  and  the  precipitated 
material,  upon  chloroform-methanol extraction, 
yielded 6 to 8 mg total lipid per  100 ml of extract. 
4 These  determinations  were  kindly  performed  by 
Miss Vally Coggshell of Dr. Henry Weimer's labora- 
tory  in  the  Department  of  Medical  Microbiology 
and  Immunology,  U.C.L.A.,  to  whom  we  express 
our thanks for this collaboration. 
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Lipid Analyses in Microsomal  Fractions 
The fractions used are: total microsomal matter  (indicated as T); large  microsomal fraction  (I); 
Same,  top fraction only  (I*); small microsomal fraction  (II).  Lipid  amounts  are given per  100 mg 
microsomal protein. 
A. Analyses performed by chloroform-methanol extraction after preceding  treatment with  trichloroacetic 
acid  (see text) 
Lipid phosphate 
calculated as lecithin 
Total lipid  Lipid phosphate  per  cent of total lipid 
Preparation  of extract  I  II  I  II  I  II 
mg  mg  I~moles  I.~moles 
KC1  10.6  9.7  82 
Sucrose  14.6  13.0  80 
KCI  11.1  5.7  9.9  2.3  80  37 
Sucrose  15.2  12.5  74 
Sucrose  7.2  3.6  44 
B. Analyses performed by chloroform-methanol extraction after lyophilization, without TCA  treatment 
Lipid phosphate 
calculated  as lecithin 
Total lipid  Lipid phosphate  per cent of total lipid 
Preparation  of extract  T  I*  II  T  I*  lI  T  I*  II 
mg  mg  mg  Izmoles  tzmoles  #moles 
KCI  21.2  34.6  3.9  20.5  21.4  2. l  87  51  49 
Sucrose  30.1  47.2  9.6  29.0  35.9  7.3  87  76  76 
KC1,  but TCA-treated  7.2  6.9  86 
Since this quantity gives, roughly,  100 mg particu- 
late  protein,  and  thus  about  22  mg  particulate 
lipid after TCA treatment, the 6  to 8  mg residual 
lipid  is  not  a  negligible  quantity.  It  was  not 
further characterized.  It is seen from Table X  A 
that the fractions prepared in salt contain 25 to 30 
per  cent less lipid  than  those  isolated  in  sucrose. 
Determinations of lipid  phosphate  are  also  given 
in the table. If these are ascribed to a lecithin with 
a  molecular weight of 880 to 900, it is seen that in 
the  vesicular fraction  I  about 80  per cent of the 
lipid  is  phospholipid,  not  significantly  different 
for  salt-  and  sucrose-prepared  materials.  In  the 
combined fractions  II,  less of the  lipid  would  be 
phospholipid so defined. 
Without  TCA  treatment,  but  after  lyophiliza- 
tion, the lipid contents are higher, especially in the 
vesicular  top  fraction  I  (Table  X  B).  Similar 
conclusions  apply  to  the  fractional  contents  of 
phospholipids and to the comparison between salt- 
and sucrose-prepared materials. 
Efforts  were  made  to  detect  acetylcholine 
esterase  in  unfractionated  microsomal  material 
with  the  titrimetric method  of Mommaerts  et  al. 
(24). These experiments were negative. 
DISCUSSION 
The  complex  morphology  of  the  sarcotubular 
system,  as well as the evident occurrence of other 
formed elements in the muscle cell, make it likely 
that homogenates and extracts from muscle tissue 
will  be  found  to  contain  a  variety  of  structural 
constituents.  The  findings  here  reported  that, 
after  removal  of  nuclei,  myofibrils,  and  mito- 
chondria,  a  rough  separation  can  be  achieved  of 
two major sedimentation classes and  that each of 
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by  means  of  density  gradient  separation,  are, 
therefore, not surprising.  It has not been possible, 
so far,  to reach  an  explicit identification of these 
fractions  with  recognized  morphological  entities, 
although  to  a  limited  extent  some  tentative 
allocations are, indeed proposed. 
The demonstration that preparations of particu- 
late matter from muscle are heterogeneous focuses 
attention  onto  the  fact  that  the  biochemical 
activities  found  in  preparations  classified  as 
"relaxation  factor"  will  depend  on  the  mode  of 
preparation.  Besides  the  simultaneous  occurrence 
of several  fractions  in  a  given preparation,  there 
are additional reasons why preparations may have 
differed  from  one  investigator  to  the  next.  One 
variable factor may be the mechanical disintegra- 
tion  which  occurs  during  the  homogenization  of 
the tissue used for extraction, which is reflected in 
our  results  mostly  in  the  variability  with  which 
fraction  II is further  resolved by density gradient 
centrifugation.  Another  is  the  choice  of  the 
extraction  medium.  As we have shown  elsewhere 
(Uchida, Mommaerts,  and Meretsky,  37), homog- 
enization  of minced muscle in salt media leads to 
the  presence  of  myosin  in  the  preparations  of 
sarcotubular  material;  homogenization  in  sucrose 
prevents  this completely or nearly so.  In general, 
workers  in  the  field  of  cell  fractionation  have 
gradually  begun  to  prefer sucrose media,  and  we 
are also adopting this; although the findings in this 
study  do  not,  by  themselves,  present  objective 
reasons for this preference. 
In  keeping  with  the  conclusions  gradually 
arrived  at  by  others  (Ebashi,  8,  l l;  Hasselbach, 
14),  we  accept  that  a  part  of  the  material  sus- 
pended  in  such  muscle  homogenates  represents 
fragments of the sarcotubular system of the muscle 
cell.  On  the  basis  of our  gradient  fractionation, 
and of the biochemical and electron microscopical 
characterization,  we  would  conclude  that  our 
light  fraction  of  the  large  microsomal  material 
represents  such  sarcotubular  structures  in  a 
relatively  pure  state.  This  fraction  consists  of  a 
vesicular  material,  perhaps  belonging  to  two 
different  morphological  categories,  and  is  active 
in  terms  of  calcium  transport  and  inhibition  of 
myofibrillar  ATPase.  It  is  stable  for  weeks, 
possibly  because  in  the  purification  it  has  been 
freed  of  lysosomes  which  would  during  storage 
liberate  proteolytic  enzymes.  The  heavy  fraction 
of the large microsomes may be a modified form of 
this same material. 
These  fractions  are free of contamination  with 
mitochondria  and  mitochondrial  fragments,  and, 
specifically,  our  main  vesicular  component  is 
devoid of demonstrable cytochrome oxidase and of 
electron  optically  visible  mitochondria.  This, 
therefore,  reinforces  and  extends  the  previous 
conclusions  of Baltscheffsky  (2)  and  Carsten  and 
Mommaerts  (5).  We  mention,  however,  our 
earlier opinion  (5)  that  certain  partial  reactions, 
commonly  thought  of  in  association  with  mito- 
chondrial  oxidation,  may  occur  in  the  vesicular 
calcium  transport  system  independent  of  any 
oxidative phosphorylation. 
By  contrast,  the  small  microsomes  are  not 
clearly  derived  from  the  sarcotubular  system, 
although it is not excluded that some of the four or 
so  subfractions  that  have  been  recognized  do 
originate  from  that  cellular  constituent,  but  lost 
their  morphological  integrity  as  a  result  of 
mechanical  destruction  or  otherwise.  These 
fractions  may  also  contain  ribosomes  and  other 
constituents;  we  have  not  attempted  a  complete 
analysis.  Among  these  fractions,  too,  there  is  an 
abundance  of  relaxing  factor  activity,  and  thus 
our  present  results  confirm  the  previous  fnding 
of Baltscheffsky  (2)  that  relaxing  activity can  be 
exerted  by particles not displaying  a  pronounced 
active concentration  of Ca-ions.  This  observation 
is of evident interest in relation  to the continuing 
discussion  about  the  participation  of  "relaxing 
substances"  in  the  control  of  actomyosin  con- 
tractility (4,  12,  25),  and we refer to our repeated 
findings  of  relaxing  activity  in  the  supernatant 
solution  remaining  after  exhaustive  ultracentrif- 
ugation  (Table  I).  Yet, we must  caution  against 
premature  conclusions  in  that  regard.  While  it is 
clear from our findings that  these fractions do not 
concentrate  much,  or  any,  calcium  as  detected 
under  the  conditions  of bulk  uptake  as  oxalate, 
the possibility remained that a calcium binding of 
a  smaller  order  of  magnitude  might  suffice  to 
account for relaxation  under  the condition of the 
myofibrillar ATPase test, in which the amounts of 
calcium  are  small.  This  has  now  been  demon- 
strated  to  be  the  case:  small  microsomal  matter 
(top  fraction  II)  can  detach  the  exchangeable 
calcium  from  myofibrils  almost  as  well  as  top 
fraction  I,  and  clearly  this  can  account  for  the 
relaxing  effect.  This  experiment  (Table  IX), 
inter alia, gives a very clear and explicit illustration 
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gives significant substantiation  to the views, based 
upon the work of Ebashi et al.  (9,  10),  Hasselbach 
and  Makinose  (14,  15)  and  A.  Weber  (41), 
regarding  the  nature  of  the  relaxation  effect. 
These  present  findings,  therefore,  contain  no 
indications favoring the participation of a separate 
"relaxing  substance,"  even  though  on  other 
grounds  this  continues  to  be  a  possible  con- 
tributing mechanism. 
One  negative result  which  deserves brief com- 
ment  is  the  absence  of  cholinesterase  in  our 
fractions.  It was an attractive thought to consider 
whether  the chain of cholinergic and  non-cholin- 
ergic systems,  thought  to alternate  in  the  central 
nervous system (Feldberg, 13), might, after the last 
cholinergic-transmitting element in the form of the 
motor  fiber  and  its  end-plate,  continue  on  the 
subcellular level. Such a hypothesis is now without 
basis unless it were to be shown that cholinesterase 
is  present  in  some  fractions  but  lost  during  the 
isolation. 
Only  brief mention  is justified  with  respect  to 
our findings of constituents of mucopolysaccharides 
in the vesicles; this will be followed up in further 
work.  The  potential  significance is evident,  since 
some  of  these  materials  have  a  high  affinity  to 
calcium  ions  (cf.  27).  As  such  a  mucoprotein  or 
lipomucoprotein  might  be  involved in  either  the 
active membrane  transport  process,  or  the  rapid 
initial fixation of small amounts of calcium stressed 
by  Ebashi  et  al.  (9,  11,  28).  The  latter  process 
might,  in  fact,  be  a  simple  binding  reaction  but 
for the requirement for ATP, for which we know 
of  no  precedent  among  simple  polysaccharides 
systems.  On the other hand,  such carbohydrate  is 
held to be specific for the external cell membrane 
and for the transverse tubular system in communi- 
cation  with this.  The distribution of this material 
may,  therefore,  aid  in  identifying  some  of  the 
separated fractions. 
The total lipid contents in the fractions I  and II 
obtained after treatment with trichloroacetic acid, 
10 to  15 per cent,  are much below those reported 
in the literature by Martonosi (21)  and Waku and 
Nakazawa  (38);  however,  those  found  after 
lyophilization  without  TCA  precipitation  are 
about  double,  and  are  in  good  agreement  with 
published values; in the vesicular top fraction, they 
are even in excess over those.  Marinetti et al.  (20) 
have reported  a  loss of an  unidentified  lipid  as  a 
result of TCA  treatment,  but  this  was  correlated 
with  an  increase  of lysophosphatides  in  the  lipid 
extract,  while in our case it is the total lipid  that 
is diminished. We do not know whether material is 
lost in  these  extractions,  or  is  made  inaccessible. 
The differences between salt- and sucrose-prepared 
particles may be related to the fact that the latter 
are devoid of the myosin which contaminates  the 
former,  often  to  the  extent  of some  25  per  cent 
(Uchida,  et al.,  37).  Thus,  in first approximation, 
the higher lipid contents in the sucrose preparation 
may reflect the lower protein  basis  to which  they 
are  referred.  In  the  heterogeneous  fraction  II, 
the  lipid  content  is  lower,  and  less  is  present  as 
phospholipid. 
These high lipid values are not unexpected for a 
cellular fraction of a  membranous  character,  and 
it is  noteworthy  that  the  highest  lipid  content  is 
found  in  the  fraction  with  the  most  pronounced 
transport  activity. 
Our observations on the stoichiometric relation 
between  calcium uptake  and  ATP splitting  have 
not  been  sufficiently  worked  out  to  lead  to  far- 
reaching  conclusions.  Considerable  excess  of 
uptake over splitting was found by F. Ebashi  and 
Yamanouchi  (7) who, at very low ATP concentra- 
tions  maintained  by  coupled  rephosphorylation, 
found Ca:ATP ratios as high as 8.  The viewpoint 
of Hasselbach  (14)  is not adverse to the possibility 
of an initial Ca-binding reaction, demonstrated by 
S.  Ebashi  et  al.  (11,  28),  and  perhaps  dependent 
upon  a  structural  modification  of the  membrane 
induced  by  ATP.  Our  studies,  not  documented 
here in detail, were done under  the conditions of 
bulk  transport  as investigated by Hasselbach  and 
Makinose  (15,  16).  We obtained  sometimes ratios 
of nearly 3  (comparing the initial rates)  or over 3 
(comparing  the  total calcium uptake  to  the  total 
extra  splitting).  The  evaluation  depends  thus  on 
the mode of calculation and is not yet clear. If the 
higher  ratios  were  valid,  they  would  appear 
marginal  when  comparing  the  estimated  driving 
force from ATP-splitting with the osmotic work of 
transporting  calcium ions against  a  concentration 
gradient  (16).  However,  the  treatment  given  so 
far has neglected the possibility that calcium flow 
may  be  coupled  with  oxalate  flow.  Thus,  the 
relevant  chemical  potentials  (outside  versus 
inside)  would  not  be  those  of  the  calcium  ions 
separately, but those of calcium oxalate:  Aps~lt  = 
A~c~  +  Apox.  Whatever  the final  outcome,  one 
is  at  a  loss,  for  the  moment,  as  to  what  ratio  to 
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of Davies (6) which are based upon a  1 : 1 coupling 
besides  other  assumptions,  are  hard  to  assess for 
the present. 
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